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(54) POLYCRYSTALLINE SILICON THIN FILM FOR THIN FILM TRANSISTOR(TFT) AND DEVICE USING THE SAME 
(57) Abstract: 

PURPOSE: A polycrystalline silicon thin film for a TFT(Thin Film ; 
Transistor) and a device using the same are provided to be 
capable of-determining the optimum condition of the TFT by using 
a probability equation. 

CONSTITUTION: A probability 'P' capable of including the 
maximum number of primary grain boundaries in an active channel 
region of a TFT, is expressed as an equation 'V, hereunder. At this 
time, the value of the probability 'P' has 0-1 except for the value of 
0.5. The equation T is expressed as P= "(D~(Nmax-1) 

×Gs)/Gs." Hereupon, the 'D' means 'Lcos&thgr; + 

Wsin&thgr;'. Hereupon, the 'L' means the length of the active channel region of the TFT, the 'W means the width of the 
active channel region of the TFT, the 'Nmax' means the maximum number of primary grain boundaries capable of being 
included in the active channel region having the length V and the width 'W\ the 'Gs 1 means the size of grain, and the 
'&thgr;' means the angle of the primary grain boundary against the vertical direction of the active channel region. 
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E 8a 3! E 8b= 3EIS fly 33 LHOfl 44/Ea°! «tfi& 4*W 3 SB 371ti ^ OSS 6132 
1 Qfgtt TFT 75011 SiCHAI, SILH4 Efe ilCH4 -I ^BHDfCHEl 3SB 37H71 *!EIM flB 33 
IH.OH 5t«{ Sftl THitttfl ESOIQ. 

E 9a, E 9b LHXI E Ha, £ llb^ S 33IHI tl|£H5a SStt P2WZBI W-.MOM& SS'OIO. 
say 2*1* 23 
S3 Si 

SffOf *SH= Jl^SCt 9 J S»°l SUMS 

[t&s mm) 

& SSS TFTDfl A}§E|= Cfag gEI* 3 Oil A>§5 PaiCI40ll S*> -2-2SAI. EW.-4MIWI 

as as- stfoi 'ivtf s*i»a filer* nasi* ?te tfts oas ^eis #7i cias 

filEIS HBiM »59 TFT1 A>§8fe QlUhOI^OO M! 30ia 

IS2H 7lt) 

□aS fiiEISSDIStt TFT(Thin Pi In Transistor) fflSfAL 'JtEIH fly (active channel) 33 IHM 5 
SKIS Q3S ££1521. 3SS 2*101 £H8)= g*.7FS(.dingllng bonds) §21 at) a&s sshhei 
CH(electric charge carrier)O0 CHSIO) Hj(trap)2ft Wlc §r£W SJQ. 

CtEW. aSSSJ 371, 33|-2fi|«. 42) 8tM£ S3 SStVth), SSf* 3AKsubthreshold 
.slope), .Stt 4£ 0ISE(charge carrier mobility), ^ leakage current), 3! OHM 4 °)S3 
(device stabi lity) §2) 3£ TFT §SO0 3S £= *IS«9 .9t». 1 4 li, 

TFT1 OlSV-'aiElS WMei4 C)4! a0l(active matrix display) 7(5 ERA) 3SE2J $|*|0i HEW 
£ TFT2J 33gME *IS8f.°J 31» S 4 SIX). 

OI0ll,.CI4iaOI LIUKJI^HJ 5A.7I5 TFTEJ "JJEIS fly S3 LHOI 3E4JSI= »35i°! 3SS 3 
71(018), -=EK)|[}|a(prli«ry)-"asS 3*3 SAOST 3S92I 37|, 7IS0IS' Z|£ e. ^El* 
.fl«2J *!S(dl«ension)(aOI(L), ^(B))21- 715 £2| 2) TFT2J *|»M [LEI 321 Li IEH 4 SCKE 
la 3! E lb). 

£ la 3! £ 1MHW21 301. 3SB 371 6s, ajEIS fla »8(di«ienslon) L xll. 7I1CHS ^£ e0| 
CHSIOl «5B« fly S30II 5tH! 4= 2i= ' SEroiCHEl ' 3SS STfl^l 4=, SHH 3SB 37HHJ 41 
NmaxEl W 113, ^ TFT 715 E£ CI4iaOI PHK)I4 £21 9)*I0« HE) ^EIM fly 33 LHOfl 5S)£I£ 
•=£KJ10Er SSS 37121 4= N«ax(£ 1a2J 3° 37H) Sfe Itaax -](£ 1b2| 3? 27H)7H7F S 2101 

a. t™ omLot Nwoej. =eKiibier asu 37a°i 47r aias aa 32? lhh mrs m 7r§ 

?4£> TFT ego, 3ijS oi SJSS 4 S!Q. ^, 2,^3 TFT71 §^ 4°J aSi! 3«1 ^ 501 
91' SOI 54*f CIUL0I5S 31 4- «D 

Nmax 7HEU '5EK]|CHEr 3SS 3?il°J 4=1 5ti«^ TFT°J 42) Nmax -I7H2J 'EEIOIDIEI" 3S 
g 37112) 41 SfSfe TFTEJ 47h SSSKhS. TFT 715 £^ a 41 M 01 GUIOI4 ^011 2i= TFT a 
g 5 23S SOOAi 71§ U2SIS) gTO 4 SICK 

DIOil CHoKH, SLS(Sequential Lateral Solidification) 3SS 7|£S 0118(01 715 £011 D§S £^ 
93S2! SA(7|- 710) 6135 □2{2!( large si I icon grain)! ««« 4 2!£:01(£ 2a S £ 2b), Oil 
0IS8HM TFTf MZ$W% a. 93S filEJ5£S l^S TFT2J °m 31 4 2iS 3 

25 H.TJFIJ] ?JD- 

3E1LK. 21EIS DHMq^ pilcllOll »(SjSf7| ^SHAi^ EEKHtf(driver)2) Sfi HHXI (pixel array)! 
WSi 4&S TFT7) n^S|0)0|: *». 

0)11 101, SV6/e SH££1 ?!}E1M 0HMe|4 □4ta0|21 JJ5fl«^ LTief IOOSf7HH4 Sht7(- SM01 
ATLH, ?l!S IA| 4A>(Llquid Crystal Oisplay; LC0)2J g° 2) &±0II^ I7H2J TFT7) S7I W 

» «« □i«aOI(0ll* 101, S7| 271 iWMS 5j0j£ 27H Dl«2| TFT71 1S9171I 

CKfAj, 10057H £& 20057H 01^2] TFT 2I42J °4EIS flti S30«5> SSSf $7JS) ggUl 3S^ 
H,»2S 5§A|?1 ?|x|Sfe 2ig g^^ShQ, 

Oil q»eSI^- 8B2££ PCJ nti W 97/45827SHA1 1AO H(2) 301, bISS &EI21 PECVD, 
LPCVO, £^ 451 El US (HI 218(01 S*!tt ^ SLS 7I1£ Sfl 715 22J HISS fe'EJ51 CfaS filEI*£ 
S S58)7|U, 715 fe^ £! ge^l BSWlc 7|gp| 7H AIEICH SICK £ 2a 3! £ 2b 82). 

flB( 33 3A| 4 w. x4 «2J »§!g «jE|M fly 33011 UI8I3 SS8I as 330ICK £*^, 
SLS 7IS0KAI AfSSfe EflOITH gj 37l(laser bean sizefe mef 4 M x4fil, m&M- 715 £21 Sfl 3 
3 £b 3321 dlSS fi(E151 383)81-71 ?|8|Alg B38J2S H0IA1 & i£= 4E«OI7il(stage) 
SJ 4gl(steppln9) 5! *l =1 (shift lng)0| lfi8H)l, 01 U MOI73UOI 5A|£I= 33^21 DiiSEiej 
(aisalign)OI gflSPI SJil, HEW. -43!= TFT21 fla 33 LHOI 5t»51= '.=EH]|01E|' 3S 

il 3?02| 45 &E1XI71 £|D1, m 715 £ ££ £EttJ|t« 33. 114 « 33 LH2) TFT^ 0|«V 4 
S= 123«! ^711 9Q:. 01 B1«t UH§LS|4 0)41301 U 010141 7*!Sf=a a 

01AI Sgsioi ejStft Dig 4 SO. 

£t.N OR H81 736,17?,391S0|A1S SLS BS.4) 7IS! 0|§o)OI 7101 SJW ^EI5 UaeK large 
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silicon grain)S: SS*)0) ESHJIttfl Ste-WXIl SSItf LCD. UdHDI ±§ TFT SISfAl «|EI£ ag »tf 
01 SLS aS» gSM 2)81-0) 8 SB aSS atFOI.DHHOI Stm 2S S8f ?HaOI(electric charge 
carrier) g&0|| Q)» : a.8B 3782) HHEIOI(barrier) SIP} ££7KEiai(£. 3>). C05W, 938 aa 
20)1 d)g7rS TFT S8f 31 4- 2i= B.^. aiEJS Iia 8{?fitt 1.9B 8.S 8SHH 90 9 2! 3*TFT 
SSOI §tt JHEIO) (electric charge carrier)"] M.EJ2S VS. 88G 2707F HDI. 

TFT SSOl 37)1 WttStkE 3b). 

flfllS. 2JEIS WSq a DiSaoi H<5fAI fflS(driw circuit) LH2| TFT2J Sbb Si 33 U)2| 
TFTS SJe?323 90 . oj zj£| &S 2$7Ka£0(,jO| tH, Zf TFT2J «8S 371 7a*)A)?|X| &£S 
A}. TFT 2J- §82) aSSi tf^A|?PI *|58A1S 38 88 StWI 0)4? *)&« tia 3^2) gtfS 30 
• UW 60 • 2) 2J£3 7I90KI7I *|Sf*f2S« QUOI^a 3389 t*8AJS 4 21Q(E 3c). 

nau, oi am 2!Ai sls ass- 7isoii °j« sgtis °* t 37|£) sssg oisass*, xi3*S2! 

a SB 27871 aiEIM flti 2^1 LH Oil SStU »BOI £a$IOI, HE) A), TFT Z» 53 XlOlf 0PIA|3)S 

oj§a ❖ a& .saaaoi sqispi ate s»isoi aa 

e ass wsai ggt> hh*. as suss aasPi mw ems 2°sai, s asotAis as s 
§ saoi asa 3*taa &eis □aia© ois& tft wrai ^eim «a 33 lhm xtgajej ass 

27)12| 47> 4 2!= SHI 78i*a 4.aS 4*11 S£$ 101. CI^«DI« SES ?S SIS 71!? 

on hreis TFT°i lasja n«tr@'ie. ssf2i tft aasi 371 sisioi, pas 

4iEi5 7is *r ssAi asjsi ass 35i,; wis <ts tft. flaw °4ejs nasi sisj xfsi asa 

4 as Das eje> a oia Attanrms ads-arms tfti oisv 

5 20IP. 

sas mm \ 

swrns asa sag acH47h tft°j bieim 33 uim 54M srt w w\ Q is 
seaoi, sjsoi q.5?\ ofc! 2§ ^g^s tft§ ens aj^s astia. 

i] 

P « (D - (Nraax -1) xQs)/6s 
OI7IOI|Ai, 

0 • L cos e+ II sin e 

L£ TFT2J ajEIS MiaSl 301, »= TFT2J °-!JEIS XSa^ ^, 

IteaxS SOI L. ^01 «2! TFT2J «!E|S XM LHOfl ^ iEiOIDiei SSS 

SICH4, 

Qs= a§B 371, 

e£ TFTHJ 2|EI« jtia gftJSJ 4^ StW CHS 101 iEEWIDiEl 3«7h 7ISCH/I3 SIS Z£§ li 

tft2j aiEi« tim aoi7t ass 37121 s*mia sis *a£'s §fe tft§ oas si 
at«D. 

m s ass 

sewioiai ass 271121 sch^^ saa vaoi tft 7i5?2i ?jieih aa 3321 §a at.»2i ass 

37IM tHSP ^71 aSS 27121 JICH4 -1»2| aSSOl »73Sfe 71EI1 3 IM73 7)E|2| b|#S U 
BLHOWDI. ^71 9901 0;B7LOiy 2# S92S SfS TFT§ DaS ^35 a}S^ MStiU. 

e ase 

E U3M 2|iJ «5EIS Cfa§ ^JEiS «l^§ AjgsiS «!EIH DHSejA T FT5 01 ^92S 

«te PHioiia asacr. 

OISK a a2§ S^t» SSs S2of01 ^aisi gaw. 

9JEIM OHSqi a^tMOIg TFT J315fAI TFT §3 OH 32, 2?SS12S g[H*f 9«S OIA1S DaS 6! 

ei?2i assoi tft vfr'tMw m\o\ 3J! gsiaas 3$, ass°i s***? a?iB-emoi/eia& 
ass ajoiobs ass 27071 «»ea. 

e S3 MA) ass 37i : a as srsia 4 as ass 271 ahji2i 7ieia atioi.. £» g^ot 
^is ass 27)i 2j 71 a em s2it»o. 

3SS 27)17h «)E|S Inactive channel) g9j Ulttfi © TFT ^SM XlS^ei 3tft ? 

s ass 2.78, ^, «iEm aa.-^asj ^ ai*oj oiy ass 2782) ?nas zs7) -45 0 ses 
45 ••g 'iEioimer ass 27121 ,g° etas «aa- afetsi ssai as saa2i'*j?ia °!skw 
ma 4 as aaoi sd. 
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s&. ?s as m £=• ciigaoi^on »5tas tft «*ei« tna 33 lhm s&as •saoiaa' 
ass 3to°i 4= a§g2i.37i. »v. 5«ejm aasi m wt coa £fas 4= smis 4). new, 

«a£l= TFT S Q±§?iOl°|. §201 EITILF, £WCH SSQI EI73. 8M SCf. 

S BfSMWc- 7101 HEOPJOarge si I icon graln)g 0\Sti TFT 715 -JVftH TFT 5g § 38« 

1 aSW-4>-a= " =EK»I CHSJ (pr Tmary ) * 33B iSTJHI SQI 4s N»ax^ O^S310|!$l SE= ;?§ SIS 
715 *|IH «1E|M m 33 (active channel region) LWH SSU SIS P' S! Nmax -1 7H7I- Shf 

•Q"# flgse ^# gsMttsoi, oia» oi§skm tft 7ij* ro-ft «*ejh .g^iaioi Qti\ 

0|i(active display device) mM fl^Efe TFT §3°) 2SSS »SSK7I $itf 6132 332 371. 
SSflHI CHtt as) 5§ 22j s qgM'flUSi 23 WS(dlnenslen) §1 4= 30), 7© 
© 33 52! 3 TFT2J n3V 4= 2IQ. 

=aHDioia- ssa 37021 acH4 N»ax7) p^taoi* tb ?s as 7isoiaj tftsj «jeih xna s 

2J U)OS 5*«i »lf PEKfl 813, Nuax -12J 33 El 37071 5t.>l! VS 'Q = 1 - P?H 20ID. 
[OEM, P ♦ Q - lOjH, P - a ♦ b / GsEHl :-S2ltK>. 

E 6aMA| 9 4= S!= MM SOI, a b£ 5* N»ax -1 7H2J 33S0I *HW= TlElf S U 

on Tifloia, esfe stfoj asB 3P,|g Li&yia. 

£»3. £ 5cOM 8 4 bl^2f ±±/ES2! &m VA*} NN OIEF SIS 38H 3* Wtf 

a sat* asa zjsj aw iEEioioia' asa am v« 2J£oi. wra -sehdichei* as 

S 37071 OIS 4= Sl= ©= -45 • s©.ss45 • 71 fiD, 

tiifc.Btiia Loin ^01 R! sijeis nu. 3300 ch*toi 'seioima- as.a. 3.tom 4=^ 7ia. 4, 
a«as ma 83 U21 sich aa o= estf ste eitom 21*101 Dgaraci ua« 4= scke 

5a). 

0 - (I ♦ x) xcos ©012, 
x « 9 xtan ©Old. 

P. - (L ♦ II tan e) xcos ©* L cos © * W tan ©cos ©0111. 
tan ©cos ©» sin eOlES, OS QM 03, 
0 * L cos ©+ 11 sin ©OO. 

mm, 8?\ aw ?ia o& 2)aH ais gajsj aoi m % ». ^an won nj© •Eaoima' 

g§B 3?S2J 7I1CH3 ^E ©5.^ tt^S'LIEhB 4= SQ. 

g§B ftt^si 37ig ir tin. aiEis isa 33 lhoq stas -saoiaai' asa 3*121 g 

CH 4=g Itaaxei- 913. Naaxfe QS3I 3S 2JSKM 4 2iD. 
Nmax - l (O/Gs), 

O17I01IA1, C1S2I &0| S2ISQ. 

? (x) - 71§ 5f§ S4= tx. x ■ S2|°l ^(arbitrary number)Oli:K 

4. x7) 2D U, Naax = 20IDI. x - 2.3S! DB . Nmax - 301 SH Sfe a 4= SID. 

*H3, E 6a S E ttS &5Sh9. a + b = 0 - (Nmax -1) x6s0|2, 

toaAi, m 'P c c^gIl^ aoi sei 4= xa. 

P = (0- (Nmax -I) xBs)/ 6sO|2, 

Q - 1- P - I - (0 - (Nnax -I) x6s/ 6s) - {-0 * Nmax x&)/Bs7F £!D. 

OI4 k ]D aOI. ^SM Jlia gej DIMS Nmax » S= Nmax -1 7H2| •=aQIOia' 3SS 37S5J 4SJOI 
BJtU 4= S!°OI, Oil HIST2S ^71 4=^M 2J8H)I «® P2| 13512! 2|0fe HHlh SO. 

i) P-0»JS? 

2IEIS S2< LHCHS Nmax -I ^)2| ' £301 CHEr 3§g S702J i|0) 4 Nroax7h Et^S 
0OI2. E&aAJ. 2JEIS 3Ma ge? LHMS Nmax -I 7H24 •SaoiCHEl' 3gg SW2J 4=STOI SWV 4= 2i 
Q. 

b) 0 < P'x0.52! 35 

ajEIM m 33 LHM Nmax.PHSJ , =aOI01Er 3SB 3?J21 4=71- BJXU Nmax -I 5H2| 370 4* 

7^ Em *msu wck 

c) P - 0.52! 3? 

a|EI« MH 33 LHM Nnax 7H£| SaOIDia" SSS 37J2| 4=S JEW SflOl Nnax- 1 7HSI 3711 4^ 

t suv sfin aa. 

d) 0.5 < P < 12! 35 

«iaS iSB 33 LKOfl Nnax 7H2J •HaOIQa- 3SS 37|£| 4=§ EtfiT SfSOl Nbax -1 7H2) STIg 
E«m S,*#2) 3D. 
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e) P - 12! 29 

2!ejh aa S3 lhw •zeejoio)et ass 27121 sch 4 Nmaxt 5«sr s§§ mm. ok^aj *iei9 

tm 23 IHMA1S toax 7H2I '5EKpei" ggS STOEU 420 SHSJ 4 SID. 

oiety «g pa siaie^Ei g« e«ei ass 37i7k 6s2! crag £21 2 § oisskm tftb js.*!£r 
in, am aa 33 lhou 5*isis -=e»oi[]iei- ass sa°i 4 *kci£ at? ?s aa as lh. a 

S OHiq^ TFT CI4gaO| U)2| TFTEJ 332£ P - 0.52! 2?7k 7k$ U25DI, P - 0 2= P - 

12! 297} 7k§ 94SOS 21 ST 4 SO. 

321 Li. C13S S2l=g OlStf gXO TFT 715 *P?MAIS 9JEIM aa «g§ ?ft' TflOlM Mltoate 
neUI)S| £3 ES 23 iJzj-AI 3S 0k£!2S P * 0 ES P - 12! Skit 37|7k f OlfrW & 

£ffl, aiEIS OHMqd PiSMOIEJ 7£!M Bfltt TFT eg°| 2SgS JBStt 4 S!S *B P2J B*| 
2! 0 sP s0.25 iS 0.75 aP slg 71523 SkOl 401*! 3SB 371 5! &*IM CHSkOl TFT1 &M\ 

m 2751= tft swoi oas asis u&ft.-ng*i£B 4iei5 ssa sst SAm 4 a 

a 

g.-o »:pi aga ±U 

XlSJkXIS £4/Ecll21 W9 a<3 ttUOl NN'Oti CH&kOI ©2J ZfES -SEtOlfflei' aSS S717k.7ll 
0)3 29M m SB«J2! 29£AI, e- 0 • 2! B4tt 297k S!§ 4 S!2(£ 7c), 01 10. gBth 4= 

2j •■EEfoimsi' ass 2*Pk sueih aa 33w a&scks. e*o 29« ui»ioi. 

££I0IDIE1* aSS 27tM CHSKM 43£f ^SEia (Secondary) : BSS STOk TFT d-SOfl DISIS 3 
WS 80112, 0101 [[Ek TFT SgO| □ 94»ei£k BTf 'fifilr 4= SO, 

OKU. £W nS PB LkEILHS 3MA) 0 - LOI S01(£ 8a> 8b), #7| PS Q 012 I S e2J ft4?k Ok 

10. oim, tw ps cea aoi u&a 4= so. 

P - (L - (Nnax -T) xQsyes 

011, e!|E|S aa 23 LHM Nnax -1 7H°| '5EK)|DIEr 3SB 27121 41 *k& 0= P * Q - 1 
0123. 

Q - 1 - P - {1 - (L - (Umax -1) x£te)}/6s - (-L ♦ Hux x6s)/6sO|Q. 

5. m\ E 9b(HIA1 aa 301 L - 9 wOILH, aSS 371 6s - 2 *» WSJ 8s - 4 m (bJM 01*101 EA1 
«12Q. aSS 37171- 2 #n@ 2? (S 9a) «E|S aa S« LHM 2tM! 4= 2S =£1010121 ' aS 
S 2^£J SIO) 4== 50101. [QEM, ?0)S aiEIS aa *ra(dl«ension) S! aSS 3712k «SflH CHSk 

w °-^eim aa get lhm stts 4= sis ^EKJimer ass 2»2J 4=s sat'tom. oioti c&g xft 

S Z|2| 0.5 CH 0.5SAI, OlEft!" 29. 7IS £ES P^SEIO] ^01 JJ^£IS TFT5J 71& U2EI 

as at m » 4 sia 

we aiEis aa mn mm ass 3711 4 «2s s^g m(s a>j. aiaa aa lhm a 

*fi! 4= SJS •HEfOOEr aSB S^a 47k 2S Skis 0.75SA^ S 9aSCk TFT 3SSOI 4 
S!§§ V 4 SO. 

§a*k ass 37i 2 A»ak 4 mi oiskoi ajEi« aa aon 10 j*°m tm (£ io«, s. iob). ass 

371 2 Ml LHSkOl ^EJ^ aa Sej LHM StfilS , =£IOIDier aSS 2X121 47k 5a stsoi 

i5Ai, 401 a ^eim aa *kaai ass 37im aekoi, sis 71s as ci^saioi 4f.2i 

TFT71 SaV 421 •sEkOKHET 3SS 27111 StWkTI "SfDI, SjOJE aSS 37|, fl, aSS S71IS 
2!tt TFT «SM SIOIAIS Stt^ifi ?J1 4 S!§B ir 4 SO. Bk25, L = 10 m. Gs - 4 *»2! 
2?. SkBS 0.53A1, FT 5 2a« 9 MAI 7k§ Lie a2k7k 5ffl£IEIEk3 OJ^Sf 4 SO. 

3SS 37|7k «J!E!« «a aOISE! S 2?MS #71 «i Pi UERKS 4h1 ^sSkOi, 
•5EIOID1EI- aSS 27fl7k °-!JEJ^ aa 355 LHM SHOI sn«KH. Tfli!^ 4 SOS E 
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P - (D - (Knax-i ) x 6s)/Ss. Q - ( -0 ♦ Nmax x Bs)/Bs, 
D f ■ L cos e* 9 sin e.. 

l§ ^eis aysj aoi, 

NimxS HOI L, 301 W°! ?*EI* IIS 83 LHOI SESfli 4> Si= : £EK)IOI£r SgS S»2I SCH4. 

e.& °J!Eia nu stra ^si mm nma =EK>itnBi- a8H,a?w ?\wom sis ziEoia. 

OPIOUi 

p » is! §?, q » oom sat* na^iswa. 

0.75: sp < 12! S?, 0 < Q s0.25O|H 2Sgg S4*J0|, 
0.5 < P < 0.752! 2S. 0.25 < Q < 0.50111 2SJS2.US2DI. 
P • 0.52! g?, Q - 0.53 2S«c 3*1 U«7B SCh 

(KM. 5 lOg 9 SIS PStOI CQE> aHI$2! SBWLjUBB 3*2) 4=§ gSKfl: TFT2J H2 3 

Sa SSS 4= 0I2JS 3SSI 97t7h SoKdS 3°M= TFT2J AIBS' 113 332! ±±/E 
gjoj 330, ^ a 9Q | jj E q § S^£S« 71S- 'UtSratt.SStf StS^ 4= 2iD. 

£t». S SSMA1 HISS TFTS AfS*hS CWK)I±2| g? 28S0I ^2301 CIUKN&SJ SgOl SOU 

£ sm. #7i Qutoi^a&'&Ea ddioii as oisaoi pHwiiois ^jfti Piiejor adh 

0I±3S «IS 5AI Sfl(LCO) S£S 871 Wt Vt^KEL)! A1g8>~ =301 H1B=!S1Q. 
S3 SI £3 

S SSM tOS TFTS *g812! Sit OWS SSB g»71 SflEIS JHS: g2| Wpfl ttM. OM 
^2SSEj ANSIS' TFT 715 ES '-SEIM OHSet* PiiaiOl #°] %2 2Sgg ^4= 2!20|, 01 

s*ei ssj°i 2S«t sr© * as usis vm ss: a tft ^it gat* 4 Sip. 

=EK)I01EI ggg g?8°1 aCH^7f TFT2I «J|E|a ft® 33 LHOI £#§ «.►§ P71 S>7| 3 IS 
595101. #71 SfSOl 0.57f Ofc! a» HS2S SIS TFTS □§§ £EI5 B^l 

[4 1] 

P - (D - (Nittx -I; vfeJ/Gs 
W7IMAI. 

D • L cos e+ III sin 6, 

L g jpjoj oH Q a W yo, a0L g£ fpjoj ojj E |o jjgoj ^ 
NnaxS U0| L, 

301 92! TFT2) a)EI« 22? LHOfl SH^ 4 SiS =SHDIDia 2SS S?»5J S|CH4=- 
BsS -SSi! 371, 

e£ TFT2| ?!SE|M iBy 43 g, h i , 0i CHSIOI =E|0|DiEI 1SS 3*7h 7|§Oi7J 2S1 U 

l*KH SiCXAl, 

#71 Qgg 6IEI5 Bpfg- Q^gSfl 0l^(H HHflEIS TFTS OSS ^'aS H^. 
XII ItHH 2J01A1, 

#71 Dig ^EJ5 SIS 7IS 9)011 HHMEI= TFTS Pgg ^EI2 

» iwi aoiAi. 

#71 P71 0.75 0I#0|7|U SS 0.25 01*12! TFTS Q§g ^!EI5 

§^»5 

H 1«M 2J01A1, 
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£71 TFT 7IB LH°J SggSJ 4=7} 27H 0|£2) TFTg Q38 £15 «|9f. 

8W8 

« I4NHI HOW. 
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Nmax • ?(0/6s), 

0|7|OU1, V(x)5 7}£ ^£ §4= ftx, k = 32)21 ^(arbitrary nunber)0ICh. 

aw io 
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£71 Nr»x7} 1 LHW 10 § 01 h: S}LI£] TFTg CHS £EI5 

aw ii 
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6'0'SIU, £71 5«E|S x«a HOI*} Nn»>£i 017} g§E 3717} Eft TFTg L}SS islEIS H«f. 

aw 12 

6- 0 • 81 n. £71 aSS 3712} NnaxSJ SOI £71 m §017} £l& TFTg CHS 

aw 13 

TFT2J «!E|H liasi 3017} gSS 37l°l S£W2! §g°S 5fc TFTg Q2S 2EI5 
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SI 1XM SIOIAJ, 

£71 CHS £215 U(9|g D^taOI^M BH«SJ^ TFTg CH!S 
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« 13fcKN 2J0IA1. 

£7i ass gei5 ore ?s sis 7is m nH*iae TFTg oas 41215 m. 

SW16 

fll S!D|A|, 

£71 °JJEI« Jig aOfe 0.2 m 0I£°! TFTg OSS £EI5 

8W« 

3 13*HHI 2J0IAI, 

£71 1SS2| ^7} SH 01 £2.1 TFTg CHS £EI5 
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mam utpi km o.^'dit! as asss sis TFTg.Dagaas m. 
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£71 oag ^JEIS «te*S Cl^l£tlO|J?05 HH«iie TFTS QSS ££15 
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HI 1.94NM SOW, 
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H XI .13^ a£ a 19^ S Oih D3g £35 H« v # AhgSfe 9|E|S DHMqi TFTg 
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